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ABSTUCT 

The f lammabi l i ty  l i m i t s  of mix tures  of B,H, and OF, a t  t h e i r  

r e s p e c t i v e  s a t u r a t e d  vapor p r e s s u r e s  between 200 and 300'R have been 

determined i n  t h e  presence  of t h e  i n e r t  g a s e s  H e  and N, a t  t o t a l  p r e s s u r e s  

of 100 and 500 p s i a .  With one excep t ion ,  B,H, and OF, d i d  not r e a c t  

e x p l o s i v e l y  i n  t h e  p r e s c r i b e d  mixture  r a t i o s  when he ld  a t  t h e  exper imenta l  

t empera tu res .  The one except ion  where an exp los ion  occurred  involved a 

mixture  r a t i o  such t h a t  t h e  c o n c e n t r a t i o n s  of OF, and of B,H, were very  

n e a r l y  equal  t o  t h e  r a t i o  of t h e i r  r e s p e c t i v e  vapor p r e s s u r e s  a t  t h e  

exper imenta l  t empera tu res .  Thus f a r  t h e r e  seems t o  be no r a t i o n a l  ex- 

p l a n a t i o n  f o r  t h e  exp los ive  behav io r  of t h i s  mix ture  i n  view of t h e  f a c t  

t h a t  no such exp los ions  occurred  i n  s i m i l a r  and c l o s e l y  r e l a t e d  mix tu res .  

Numerous exp los ions  were observed when e f f o r t s  t o  s e p a r a t e  t h e  

r e a c t i o n  p roduc t s  were c a r r i e d  out  by  reducing t h e  tempera ture  t o  t h e  

e x t e n t  t h a t  a l i q u i d  phase of OF, and a s o l i d  phase of B,H, were p r e s e n t .  

During de te rmina t ions  of whether t h e  mix tu res  of B,H, and OF, had 

r e a c t e d  without exp los ion ,  B,H, could  be i s o l a t e d  from t h e  mixture ,  and 

t h e  absence of t h e  expected r e a c t i o n  product BF, i n d i c a t e d  t h a t  b a r r i n g  

exp los ion  no r e a c t i o n  had occurred .  
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FOREWORD 

Thi s  work was c a r r i e d  out  under Technical  D i r e c t i o n  Memorandum 

69x04100, which p r e s c r i b e d  t h e  c o n d i t i o n s  under which t h e  f lammabi l i ty  

l i m i t s  of OF, and B,H, were t o  be determined.  The r e sea rch  was c a r r i e d  

out  by t h e  Syn thes i s  Research Group of S tan fo rd  Research I n s t i t u t e ,  

M. E .  H i l l ,  D i r e c t o r ;  W.  E .  Tolberg,  p r o j e c t  l e a d e r ;  and R. S .  Stringham, 

phys ica l  chemist .  The Technical  Cognizance for JPL was t h e  r e s p o n s i b i l i t y  

of L. R. Toth.  
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I INTRODUCTION 

The o b j e c t i v e  of t h e  r e s e a r c h  under t h e  TDM was t o  de te rmine  t h e  

f lammabi l i ty  l i m i t s  of mix tures  of OF, and B,H, under  c e r t a i n  c o n d i t i o n s .  

The tempera ture  range was from 200 t o  300'R or from approximately 

-162 t o  -107'C. 

t h e  s a t u r a t e d  vapors  of each gas  a t  t h e  exper imenta l  t empera tures  

combined wi th  enough i n e r t  g a s  (N, or H e )  t o  b u i l d  t h e  p r e s s u r e  up t o  

100 or 500 p s i a .  

The gaseous mixtures  were p r e s c r i b e d  t o  be t h o s e  of 

The exper imenta l  appa ra tus  was set up i n  such a way t h a t  a mixture  

of OF, and p r e s s u r i z i n g  g a s  w a s  slowly r e l e a s e d  i n t o  a Monel meta l  

sphe re  c o n t a i n i n g  t h e  p r e s c r i b e d  q u a n t i t y  of B,H,. The i n l e t  of t h e  

r e a c t i o n  v e s s e l  w a s  designed t o  a s s u r e  mixing of t h e  gases .  The sphe re  

was equipped wi th  a thermocouple t o  d e t e c t  exothermic r e a c t i o n .  

I n  a number of exper iments ,  w e  a t tempted  t o  observe  whether OF, 

and B,H, had r e a c t e d  by s e p a r a t i n g  t h e  g a s e s  i n  t h e  mixture .  During 

t h e s e  experiments,  t h e  appa ra tus  was cooled  t o  about 186'R. On c o o l i n g  

t h e  mixture  t o  t h i s  t empera tu re ,  it i n v a r i a b l y  exploded o f t e n  d e s t r o y i n g  

t h e  appa ra tus .  Under t h e s e  c o n d i t i o n s ,  s o l i d  and vapor phases  of B,H, 

and l i q u i d  and vapor phases  of OF, were p r e s e n t ,  S ince  t h e s e  phases  

i n  c o n t a c t  always r e s u l t e d  i n  h i g h l y  exothermic r e a c t i o n s ,  bo th  exp los ive  

and nonexplosive,  w e  concluded t h a t  coo l ing  t h e s e  mixtures  t o  t h e  e x t e n t  

t h a t  changes of phase occurred  had t o  be avoided. These c i rcumstances  

a l s o  desc r ibed  a f lammabi l i ty  l i m i t  a l though o u t s i d e  t h e  range of i n t e r e s t  

d e s c r i b e d  i n  t h e  TDM. 

I t  should be  noted t h a t  vapor p r e s s u r e s  of OF, are unknown above 

about 233'R. 

de t e rmina t ion  of t h e  vapor p r e s s u r e  up t o  about 325'R. 

somewhat below t h e  e x t r a p o l a t e d  curve ,  a not unexpected r e s u l t .  

Thus t h e  p r e s s u r e s  of OF, t h a t  were used were from a c rude  

These d a t a  f e l l  

I n  t h e  fo l lowing  s e c t i o n s  of t h i s  r e p o r t  w e  w i l l  d i s c u s s  t h e  r e s u l t s  

of t h i s  s t u d y  and d e s c r i b e  t h e  exper imenta l  p rocedures  used i n  o b t a i n i n g  

them. 
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I1 DISCUSSION 

The d a t a  obta ined  i n  t h e s e  experiments  are g iven  i n  Tables  1 and 

I1 and p l o t t e d  i n  F i g u r e s  1 t o  4. Severa l  explos ions  occurred  dur ing  

t h e  experimental  work and, as a r e s u l t ,  a l l  manipula t ions  were c a r r i e d  

o u t  w i t h  c a u t i o n .  The experimental  appara tus  i s  shown i n  F i g u r e  5.  

The mixtures  of OF, and B,H, wi th  one except ion  f a i l e d  t o  explode a t  

r e a c t i o n  tempera tures  i n  t h e  range from 200 t o  325'R. When, a s  mentioned 

above, t h e  mixtures  were cooled t o  186'R t h e y  exploded or  r e a c t e d  very 

exothermica l ly .  When, i n  one experiment ,  t h e  tempera ture  w a s  raised 

t o  about 396'R, t h e  mixture  exploded. Thus w e  have observed explos ions  

under t h r e e  sets of c o n d i t i o n s .  I n  one, c o o l i n g  below t h e  f r e e z i n g  

p o i n t  of B,H, r e s u l t s  i n  explos ions  which, a s  w i l l  be shown l a t e r ,  a r e  

caused by t h e  presence  of condensed phases  of b o t h  reagents .  I n  t h e  

second, warming t o  about 396'R e v i d e n t l y  exceeds t h e  thermal  a c t i v a t i o n  

r e q u i r e d  f o r  r e a c t i o n .  I n  t h e  t h i r d  set of c o n d i t i o n s ,  run N o .  11 i n  

Table  I ,  w e  can o f f e r  no e x p l a n a t i o n  f o r  t h e  explos ion  a t  reaction 

temperature .  

I n  F igures  1 and 2,  p o i n t  N o .  11 shows t h e  BzH6 and OF, p r e s s u r e s ,  

which w i t h i n  experimental  u n c e r t a i n t y  were equal  t o  or less t h a n  t h e  

s a t u r a t e d  vapor p r e s s u r e  cu rve ,  I t  i s  c e r t a i n  t h a t  t h e  OF, w a s  p r e s e n t  

only i n  t h e  vapor phase.  A s  o u t l i n e d  i n  t h e  Experimental  S e c t i o n ,  t h e  

procedure ensured t h a t  OF, would always be  p r e s e n t  a t  a l i t t l e  less t h a n  

s a t u r a t e d  p r e s s u r e .  However, a small  amount of BzH, i n  l i q u i d  phase 

could  have been p r e s e n t  a t  any or a l l  of t h e  p o i n t s  s t u d i e d ,  due mainly 

t o  t h e  u n c e r t a i n t y  i n  temperature  during a d d i t i o n .  Regulat ion of 

tempera ture  was good t o  f2'C or f3.6'R. 

run ,  t h i s  v a r i a t i o n  could  y i e l d  a l i q u i d  phase of B,H,. However, because 

no explos ions  occurred  dur ing  many s imi l a r  r u n s ,  t h e  presence  of a 

l i q u i d  phase of B,H, cannot be t h e  e x p l a n a t i o n  f o r  t h e  occurrence  of an 

explos ion  dur ing  run N o .  11. Thus w e  can o f f e r  no explana t ion  f o r  t h i s  

even t .  

During any g iven  experimental  
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Table  I 

Run 

1 

2 

3 

4 

5 

7 

- 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
- 

Temp 
(OR) 

23 4 

278 

238 

302 

294 

292 

299 

292 

280 

288 

295 

250 

214 

214 

240 

26 2 

3 24 

324 

200 

200 

T o t a l  
P r e s s  
( p s i a )  

103 

495 

497 

485 

101 

105 

128 

97 

88 

101 

103 

490 

108 

495 

104 

101 

490 

26 5 

100 

485 

P r e s s  
H e  

( p s i a )  

86 

411 

477 

313 

0 

0 

0 

0 

0 

0 

19 

4 54 

100 

487 

83 

48 

23 2 

0 

97 

482 

P r e s s  
OF2 

( p s i a )  

1.7 

81 

20 

165 

94 

100 

121 

91 

84 

96 

82 

35 

7.4 

7.4 

20.6 

52 

258 

251 

2.7 

2.7 

P r e s s  

( p s i a )  
B2H6 

0.29 

3.3 

0.35 

6.8 

4.7 

4.5 

6.6 

4.5 

3.9 

4.9 

2.4 

0.77 

0.10 

0.10 

0.43 

1.36 

14.2 

14.2 

0.03 

0.03 

OF, 
BZH, 

58.5 

24.6 

57.0 

24.2 

20.0 

22.2 

18.4 

20.2 

21.6 

19.6 

34.2 

58.4 

74.0 

74.0 

48.0 

38.2 

18.2 

17.7 

90.0 

90.0 

E xpl  os i o n  
A t  R, 

Temperature 

N o  

N o  

N o  

N o  

N o  

N o  

N o  

N o  

No 

Y e s  

N o  

N o  

N o  

N o  

No 

No 

N o  

No 

N o  

N o  

Remarks 

Small expl  
on c o o l i n g  

D e s t r u c t i v e  
exp l  on c o o l i n g  

N o  coo l ing  

Expl a f t e r  2 min 
Des t ruc t  i v e  exp l  

D e s t r u c t i v e  expl  
on c o o l i n g  

D e s t r u c t i v e  expl  
on warming t o  
396 O R  

Data for t h e  f l ammabi l i t y  of s a t u r a t e d  OF, and B2H6 vapors between 325 and 

200°R w i t h  t h e  i n e r t  g a s  H e  added f o r  s t u d i e s  between 100 and 500 pounds 

t o t a l  p r e s s u r e .  
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Table  I1 

Run 

I 

I1 

I I1 

IV 

V 

VI 

VI I 

TI11 

IX 

X 

- 
Temp 
(OR) 

266 

26 2 

304 

325 

214 

240 

240 

324 

292 

200 

Tot a1  
P r e s s  
( p s i a )  

475 

106 

478 

470 

102 

105 

475 

26 5 

105 

100 

P r e s s  
N2 

( p s i a )  

425 

57 

360 

220 

94 

85 

455 

0 

0 

97 

P r e s s  
OF2 

( p s i a )  

49 

47 

112 

246 

6.2 

20 

20 

251 

100 

2.7 

P r e s s  

( p s i a )  
B,H6 

1.65 

1 .6  

6 .0  

14 .2  

0.10 

0.40 

0 .40  

14 .2  

4.5 

0.03 

OF, 
B2H6 

29.6 

29 .4  

18 .7  

17 .4  

62 .0  

50.0 

50.0 

17 .7  

22.2 

90.0 

Explosion 
A t  Rx 

Temp era t u r  e 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Remarks 

Data for t h e  f lammabi l i ty  of s a t u r a t e d  O F 2  and B,H6 vapors between 325 

and 200°R wi th  t h e  i n e r t  g a s  N2 added f o r  s t u d i e s  between 100 and 500 

pounds t o t a l  p r e s s u r e .  
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10,m 

Vapor Pressure of Diborane 
Ref. Smith S. H., JACS 72, 1452 (1950) t 
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a 

100 
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TA-6063-176 
O R  

FIGURE 1 PRESSURE OF DIBORANE IN REACTION VESSEL 
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- _. 

Ruff, O., and Menzel, W., Z. Anorg. Chem., 198, 39 (1931) 

Schnizlein, J.G., Sheard, J.L., Toole, R.C., and O'Brien, T.D., 
J. Phys. Chem., 56, 233 (1952). 

I- 
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TA-6063-177 

FIGURE 2 PRESSURE OF OXYGENDIFLUORIDE IN REACTION SPHERE 
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Vapor Pressure OF* 
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-- 
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FIGURE 3 OF,/B2H6/N2 SYSTEM 
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1 
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0 
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200 
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0 Explosion After Warming 

0 Explosion at Reaction Temperature 

Explosion After Cooling 

- - Vapor Pressure of OF2 

FIGURE 4 OF2/B2H,/He SYSTEM 
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On coo l ing  t h e  mixtures  t o  186'R, b o t h  OF, and B,H, condense; 

B,H, a l s o  f r e e z e s  (-165.5'C, 193.2'R) and the r e s u l t i n g  mix tu re  of 

phases  r e a c t s  e i t h e r  of two ways. W e  have observed r e l a t i v e l y  slow 

r e a c t i o n s  which are exothermic,  and w e  have a l s o  observed very  f a s t  

r e a c t i o n s  which a r e  e x p l o s i v e  and a l s o ,  of cour se ,  exothermic.  

These exper iments  i nvo lv ing  coo l ing  of the mix tu re  were c a r r i e d  out  

t o  determine t h e  e x t e n t  of a p o s s i b l e  ve ry  slow r e a c t i o n  between OF, 

and B,H,. I t  w a s  d e s i r e d  t o  s e p a r a t e  r e s i d u a l  B,H, or i ts  OF, r e a c t i o n  

p roduc t s  from t h e  l a r g e  excess  of OF,. Reac t ion  i s  expected t o  form B ,  

BF,, H,, and H,O. W e  expec ted  some d i f f i c u l t y  i n  d e t e c t i n g  small  

amounts of BF, because it can be  l o s t  i n  two ways. I n  f l u o r i n e - p a s s i v a t e d  

metal systems, metal f l u o r i d e s  on the w a l l s  can absorb BF, probably  t o  

form BF, s a l t s .  I n  a d d i t i o n ,  BF, and water  form complexes. 

1 

- 

The t echn ique  f o r  i s o l a t i n g  t h e  expected h i g h e r  b o i l i n g  p roduc t s  

of r e a c t i o n  was developed slowly through t h e  f i r s t  18 experiments.  We 

f i r s t  used t h e  assumption t h a t  B,H, i n  a l a r g e  excess  of OF, might 

react slowly throughout t h e  experiment g i v i n g  o f f  hea t  i n s u f f i c i e n t l y  

f a s t  t o  a f f e c t  t h e  thermocouple. Thus w e  sought t o  i s o l a t e  BF, a t  i t s  

f r e e z i n g  p o i n t ,  about 262'R. I n  s e v e r a l  exper iments ,  t h e  g a s e s  were cooled  

t o  about 200'R and no exp los ions  occurred .  

ven t ing  followed by pumping. The c o l l e c t o r  w a s  subsequent ly  warmed 

t o  release any r e s i d u a l  g a s e s  f rozen  out  a t  200'R and i r  s p e c t r a  were 

t a k e n  and ana lyzed ,  Only t h e  normal i m p u r i t i e s  of OF, were found: SiF,, 

SF,, CO,, SO,F,, and p o s s i b l y  HF. This  procedure  a l s o  r e s u l t e d  i n  

removal of B,H, which w e  l a t e r  showed t o  be p r e s e n t  i n  t h e  mixture .  

No unequivocal ev idence  f o r  BF, w a s  found. 

The OF, was removed by 

A f t e r  coo l ing  t h e  mixtures  on ly  t o  t empera tu res  above t h e  f r e e z i n g  

p o i n t  of B,H,, w e  a t tempted  coo l ing  t o  lower tempera tures .  When t h e  

mix tu res  were cooled  below t h e  f r e e z i n g  p o i n t  of B,H,, exp los ions  

i n v a r i a b l y  occurred .  These were v i o l e n t  exp los ions  which damaged t h e  

appa ra tus  and des t royed  t h e  2-in. diameter Monel metal sphe re  c o n t a i n i n g  

t h e  r e a c t a n t s .  

'R. A .  Rhein, NASA Space Summary, 37-42, Vol. I V ,  1966, p .  73. 
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I n  o r d e r  t o  de te rmine  whether B,H, was p r e s e n t  i n  the mixture ,  w e  

t h e n ,  i n  run No. 18, vented t h e  mixture  held a t  t h e  r e a c t i o n  tempera ture  

u n t i l  the  p r e s s u r e  was one atmosphere, A t  t h i s  t i m e ,  t h e  appa ra tus  was 

cooled  t o  below t h e  f r e e z i n g  p o i n t  of B2H, and t h e  remaining OF, was 

pumped away, No exp los ion  occurred  under t h e s e  c o n d i t i o n s .  I n f r a r e d  

s p e c t r a  of t h e  gas r e t a i n e d  i n  t h e  system showed t h a t  on ly  BzH, was 

p r e s e n t ,  

None of t h e  i m p u r i t i e s  known t o  be p r e s e n t  i n  OF, was detected. 

Thus t h i s  method of i s o l a t i o n  r e t a i n s  only  t h e  major c o n c e n t r a t i o n s  

of condensables and no small amounts of r e a c t i o n  p roduc t s  would have 

been detected. I t  is  concluded t h e r e f o r e  t h a t  B,H, can e x i s t  i n  OF, 

bu t  t he  e x t e n t  t o  which i t  r e a c t s ,  i f  a t  a l l ,  i s  not known. However, 

it seems reasonable  t h a t  no r e a c t i o n  occurs  u n l e s s  it i s  an e x p l o s i v e  

one. 

I n  summary, mix tu res  of OF, and B,H, a t  very near  t h e i r  r e s p e c t i v e  

s a t u r a t e d  vapor p r e s s u r e s  i n  t h e  tempera ture  range from 200 t o  325'R 

and p r e s s u r i z e d  t o  100 or 500 p s i a  w i t h  e i t h e r  H e  or N2 are w i t h  one 

excep t ion  not flammable. There i s  no immediately obvious exp lana t ion  

f o r  t h e  except ion .  

10 



I I I EXPERIIiENTAL SECTION 

Apparatus 

The a p p a r a t u s  used f o r  t h i s  s t u d y  is  i l l u s t r a t e d  i n  F igu re  5. The 

low t empera tu re  p o r t i o n  of the  sys t em was con ta ined  i n  a wooden box 

l i n e d  w i t h  2-in. s labs  of Styrofoam. The two v a l v e s  F, and F, were 

ope ra t ed  by an ex tens ion  wrench through two h o l e s  d r i l l e d  i n  the box. 

Other h o l e s  f o r  p i p e s ,  thermocouple l e a d s ,  and t h e  f an  motor s h a f t  were 

d r i l l e d  as needed. 

The r e a c t i o n  system c o n s i s t e d  p r i m a r i l y  of two sphe res  A and B 

and connec t ing  l i n e s  and v a l v e s  w i t h i n  t h e  i n s u l a t e d  box. Sphere A 

w a s  used t o  meter OF, and t o  mix p r e s s u r i z i n g  gas .  Sphere B w a s  t h e  

mixing chamber f o r  OF,, p r e s s u r i z i n g  gas, and d iborane .  Co i l  C was 

used t o  p r e s e n t  a h igh  surface-to-volume v e s s e l  f o r  t h e  t r a p p i n g  of 

condensable gases .  

Temperature r e g u l a t i o n  was achieved w i t h  a West the rmocon t ro l l e r  

which used thermocouple 2 (TC-2) a s  a s e n s o r  and through a so l eno id  

va lve  admitted co ld  N, ga s  i n t o  c o i l  D.  The c o l d  N, flowed i n t o  t h e  

box from c o i l  D n e a r  f a n  E ,  which t h e n  c i r c u l a t e d  the c o l d  N, throughout 

t h e  box. Thermocouples i n  v e s s e l  B (TC-1) and a t  c o i l  C (TC-3) i n d i c a t e d  

tha t  the c o n t r o l l e r  was main ta in ing  t empera tu res  t o  w i t h i n  &2OC, as 

s p e c i f i e d  f o r  t h e  c o n t r o l l e r .  

The remainder of t h e  appa ra tus  i l l u s t r a t e d  i s  conven t iona l  Monel 

metal vacuum l i n e  s u i t e d  f o r  u se  w i t h  OF, and B,H,. Most j o i n t s  were 

H e l i a r c  welded but  some were s i l v e r  so lde red  w i t h  72/28 Ag/Cu a l l o y .  

The e n t r a n c e  p i p e  t o  t h e  r e a c t i o n  sphere  w a s  s o l d e r e d  i n  p l a c e  so  t h a t  

the g a s e s  would e n t e r  on a t a n g e n t i a l  p a t h ,  T h i s  p a t h  was s e l e c t e d  t o  

a s s u r e  t h e  best mixing of gases .  The same des ign  was used f o r  sphe re  A 

t o  mix p r e s s u r a n t  g a s  wi th  OF,.  

The volume of sphe re  A w a s  very n e a r l y  1 .14  l i ters  and t h a t  of 

sphe re  B w a s  68.6 cc. A s  w i l l  be o u t l i n e d  i n  t h e  paragraphs  on procedure,  
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t h e  r e l a t i v e  s i z e  of t h e  volumes determined t o t a l  p re s su re  r equ i r ed  i n  

sphere  A t o  ob ta in  t h e  c o r r e c t  p r e s s u r e s  i n  sphere  B. 

Procedure 

The B,H, (Thiokol)  supply was maintained a t  d r y  i c e  temperature  

throughout t h e  experimental  work i n  o r d e r  t o  minimize decomposition 

i n t o  H, and o t h e r  boron hydr ides .  A s  shown i n  F igure  5 ,  a U-tube t r a p ,  

which could be cooled with l i q u i d  N , ,  was used f o r  t h e  removal of any 

hydrogen p resen t  i n  t h e  B,H,. A f t e r  p u r i f i c a t i o n ,  t h e  B,H, was admit ted 

t o  sphere  B u n t i l  i t  reached t h e  l i t e r a t u r e  va lue  for t h e  vapor p re s su re  

of B,H, a t  t h e  temperature  of t h e  c o l d  b a t h  a s  measured on TC-1. These 

vapor p re s su res  were low enough t o  measure wi th  a Wallace and Tiernan 

0-760 mm gage, Model FA-145. 

A s  noted be fo re ,  vapor p r e s s u r e s  of OF,  above about 233'R a r e  not 

a v a i l a b l e  i n  t h e  l i t e r a t u r e  and had t o  be e s t a b l i s h e d  i n  t h i s  work 

between 233 and 325'R. The OF, was obta ined  from two sources :  A l l i e d  

Chemical and Ozark Mahoning. The p u r i f i c a t i o n  method used was t o  pump 

on t h e  l i q u i d  OF, a t  l i q u i d  n i t rogen  temperature  mainly t o  remove 

most of t h e  n i t rogen  and a t  l e a s t  some of t h e  oxygen t h a t  might be 

p r e s e n t .  A l l  o t h e r  i m p u r i t i e s  would remain i n  t h e  OF, but  would c o n t r i b u t e  

l i t t l e  i f  any t o  t h e  vapor p r e s s u r e s  being observed. The gage used f o r  

OF,  w a s  a 600-psia t es t  gage by Ashcrof t .  This  was deemed adequate t o  

read p r e s s u r e s  up t o  about 250 p s i a  of OF, and t h e  combined p res su re  

of OF, and p res su ran t  gas  i n  excess  of 500 p s i a .  

The t r a p  f o r  OF, shown i n  F igure  5 was used a s  an accumulator 

t o  b u i l d  up p r e s s u r e s  of OF, a s  needed; v i z . ,  when t h e  tank  p res su re  

of OF, f e l l  below t h e  p re s su re  needed i n  t h e  meter ing vesse l .  

The vapor p re s su re  of OF, was e s t a b l i s h e d  i n  t h e  fol lowing manner: 

OF, w a s  added t o  sphere  A i n  increments u n t i l  t h e  add i t ion  of t h e  l a s t  

increment f a i l e d  t o  inc rease  t h e  p re s su re .  A s  noted i n  F igure  2, t h e r e  

is  some s c a t t e r  among t h e  p o i n t s ,  which may be a t t r i b u t e d  bo th  t o  t h e  

range i n  t h e  temperature  c o n t r o l  and t o  t h e  p re s su re  tes t  gage used, 
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e s p e c i a l l y  i n  t h e  r e g i o n  of h i g h e r  p r e s s u r e s  of OF,. I t  a p p e a r s  from 

t h e  p o i n t s  i n c l u d e d  i n  t h e  r e g i o n  where vapor  p r e s s u r e s  a r e  not  known 

t h a t  a reasonably  smooth c u r v e  could  b e  drawn l e a v i n g  a number of 

p o i n t s  somewhat below t h e  p r o b a b l e  t r u e  s a t u r a t i o n  p r e s s u r e .  N e v e r t h e l e s s ,  

t h e  r e s u l t s  from t h e s e  p o i n t s  a r e  c o n s i d e r e d  v a l i d  and r e a s o n a b l e  i n  

view of t h e  l a r g e  e x c e s s  of OF, r e l a t i v e  t o  B,H,. 

I 

The r a t i o  of t h e  volume of s p h e r e  B t o  t h e  combined volume of t h e  

m e t e r i n g  v e s s e l  ( s p h e r e  A )  p l u s  s p h e r e  B i s  about  0.057. Thus t h e  amount 

of OF, p r e s e n t  i n  t h e  meter ing  volume, s p h e r e  A ,  cannot  exceed t h e  

amount needed t o  form a s a t u r a t e d  vapor  p r e s s u r e  of OF, i n  t h e  combined 

volumes. I f  t h e  amount of OF, exceeded t h i s  v a l u e ,  a l i q u i d  phase  of 

OF, would have been p r e s e n t  i n  t h e  r e a c t i o n  v e s s e l .  To avoid t h i s  w e  

a t tempted  t o  make t h e  f i n a l  p r e s s u r e  of OF, i n  t h e  system equal  t o  or 

s l i g h t l y  less t h a n  s a t u r a t e d .  A s  w i l l  b e  noted  from F i g u r e  2,  some 

p o i n t s  were measurably below s a t u r a t i o n .  

The l a s t  increment  of OF, added t o  t h e  m e t e r i n g  volume c o u l d  b e  

e s t i m a t e d  from P V  measurements i n  t h e  l i n e s  e x t e r n a l  t o  t h e  cold b a t h  

and w e  a t tempted  t o  make t h e  l a s t  increment less t h a n  5.701, o f  t h e  

OF,  p r e s e n t  so t h a t  on exparrs'ion i n t o  t h e  combined volumes, no l i q u i d  

phase would r e s u l t .  T h i s  assumes, of c o u r s e ,  t h a t  none of t h e  second 

t o  l a s t  increment of added OF, condensed and t h e  t e c h n i q u e  used t o  

d e t e c t  t h i s  was t h e  cons tancy  of p r e s s u r e  i n c r e a s e  r e l a t i v e  t o  t h e  

amount added. I n  t h i s ,  t h e  p e r f e c t  g a s  l a w  was assumed t o  b e  v a l i d  

f o r  e v a l u a t i n g  d i f f e r e n c e s .  I t  i s  c l e a r  from t h e  number of  p o i n t s  

below t h e  c u r v e  t h a t  p r e s s u r e  and t e m p e r a t u r e  measurements were not 

s e n s i t i v e  enough t o  perform t h e s e  o b s e r v a t i o n s  w i t h  more t h a n  adequate  

p r e c i s i o n .  

I n  each exper iment ,  when t h e  p r o p e r  p r e s s u r e  of OF, had been o b t a i n e d ,  

p r e s s u r a n t  g a s  was added t o  t h e  meter ing  v e s s e l  such  t h a t  t h e  t o t a l  

p r e s s u r e  on expansion i n t o  t h e  r e a c t i o n  v e s s e l  would b e  e i t h e r  n e a r  

100 or 500 p s i a .  T a b l e s  I and I1 show t h e  v a l u e s  observed.  A t  temper- 

a t u r e s  above about 287'R, t h e  p r e s s u r e  of OF, exceeded 100 p s i a  and no 

p r e s s u r a n t  g a s  w a s  added a s  shown i n  F i g u r e s  3 and 4 .  When t h e  meter ing  

v e s s e l  was f i l l e d  w i t h  t h e  r e q u i r e d  g a s e s ,  t h e  m i x t u r e  was f i r s t  a l lowed 
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t o  s t and  for  about 20 min t o  a s s u r e  mixing. Then t h e  mixture  w a s  added 

t o  t he  sphere  B con ta in ing  the B,H,. The a d d i t i o n  process  was c a r r i e d  

out  r e l a t i v e l y  slowly r e q u i r i n g  3 t o  5 min t o  complete. The OF,/B,H,/ 

p re s su ran t  gas  mixtures  were then  allowed t o  s t and  for 20 t o  30 min 

or u n t i l  explosion occurred ( run  N o .  11). 

The cond i t ions  under which explos ions  d i d  occur  and t h e  procedures  

f o r  i s o l a t i n g  r e a c t a n t s  or products  were described i n  t h e  Discuss ion  

Sect  ion .  

The explos ions  t h a t  occurred were very v i o l e n t ,  rup tu r ing  t h e  

r e a c t i o n  v e s s e l ,  sphere  B ,  and connect ing tubes .  I n  a d d i t i o n  t h e  co ld  

bath box i t s e l f  w a s  a l l  but  demolished. The experiments were c a r r i e d  

out  i n  a hood w i t h  P l e x i g l a s  sh i e lds ,  and no fragments pene t r a t ed  the  

sh i e lds .  One explos ion  occurred when OF, i t s e l f  was condensed i n  a 

t r a p .  The t r a p  was made of Kel-F which on examination of fragments 

appeared not t o  have r eac t ed  w i t h  t h e  OF,.  W e  could only specu la t e  

t h a t  the  t r a p  conta ined  an impur i ty  wi th  which t h e  OF, r eac t ed .  T h i s  

explos ion  occurred  during t h e  first experiment and w e  t h e r e f o r e  

conducted a l l  subsequent experiments w i t h  a g r e a t  dea l  of cau t ion .  
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